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Abstract
We calculate the full electroweak one–loop corrections to the decay of the CP–
odd Higgs boson A0 into scalar fermions in the minimal supersymmetric extension
of the Standard Model. For this purpose many parameters of the MSSM have to
be properly renormalized in the on–shell renormalization scheme. We have also
included the SUSY–QCD corrections. For the decay into bottom squarks and tau
sleptons, especially for large tan β, the corrections can be very large making the per-
turbation expansion unreliable. We solve this problem by an appropriate definition
of the tree–level coupling in terms of running fermion masses and running trilinear
couplings Af . We also discuss the decay of heavy scalar fermions into light scalar
fermions and A0. We find that the corrections can be sizeable and therefore cannot
be neglected.
1 Introduction
The search for a Higgs boson is the primary goal of all present and future high energy
experiments at the TEVATRON, LHC or an e+e− Linear Collider. Whereas the Standard
Model (SM) predicts just one Higgs boson, with the present lower bound of its mass
mH ≥ 114.4 GeV (at 95% confidence level) [1], extensions of the SM allow for more Higgs
bosons. In particular, the Minimal Supersymmetric Standard Model (MSSM) contains
five physical Higgs bosons: two neutral CP–even (h0 and H0), one neutral CP–odd (A0),
and two charged ones (H±) [2, 3]. The existence of a charged Higgs boson or a CP–
odd neutral one would give clear evidence for physics beyond the SM. For a discovery
precise predictions for its decay modes and their branching ratios are necessary. In case
supersymmetric (SUSY) particles are not too heavy, the Higgs bosons can also decay
into SUSY particles (neutralinos χ˜0i , charginos χ˜
±
k , sfermions f˜m), H
0, A0 → χ˜0i χ˜0j (i, j
= 1. . . 4), H0, A0 → χ˜+k χ˜−l (k, l = 1, 2), H0, A0 → f˜m ¯˜fn (m,n = 1, 2), H± → χ˜+k χ˜0i ,
H± → f˜m ¯˜f ′n. At tree–level, these decays were studied in [4, 5]. In particular, the
branching ratios for the decays into sfermions, H0, A0 → f˜m ¯˜fn , can be sizeable depending
on the parameter space [6, 7]. The SUSY–QCD corrections to the decays into sfermions
have also been calculated [8, 9]. The corrections to the decays into neutralinos [10] or
charginos [11] due to fermion/sfermion exchanges have also been found non–negligible.
In this paper, we study in detail the decay of the CP–odd Higgs boson A0 into two
sfermions, A0 → f˜1 ¯˜f2. In particular, the third generation sfermions t˜i, b˜i, and τ˜i are
interesting because one expects them to be lighter than the other sfermions due to their
large Yukawa couplings and left–right mixings. Since A0 only couples to f˜L–f˜R (left–right
states of f˜), and due to the CP nature of A0, A0 → f˜i ¯˜fi vanishes. (This is valid also
beyond tree–level for real parameters in the MSSM.) We will calculate the full electroweak
corrections in the on–shell scheme. Owing to the fact that almost all parameters of the
MSSM have to be renormalized in this process and hence a large number of graphs has to
be computed, the calculation is very complex. Despite this complexity, we have performed
the calculation in an analytic way. We have also studied the crossed channel f˜2 → f˜1A0.
Some important numerical results, especially for the decays of A0 into the third generation
squarks and the corresponding crossed channels have already been shown in [12].
This paper has three new elements. First, we give in the Appendix all analytical formulae
needed for the calculation. Second, we describe in detail our method for improving the
full one–loop calculation. As pointed out in [12], in the case of the decay of A0 → b˜1 ¯˜b2 or
A0 → τ˜1 ¯˜τ2 the decay widths can receive large corrections, especially for large tan β. This
makes the perturbation expansion unreliable. In some cases the width can even become
negative in the on–shell renormalization scheme. We present here a detailed description
how this problem can be solved by an appropriate definition of the tree–level coupling
in terms of running fermion masses and running trilinear coupling Af (f = b, τ). For
consistency between the on–shell and the DR running parameters an iteration procedure
is necessary. Moreover, in addition to the numerical results shown in [12] we present
here new results for A0 → t˜1 ¯˜t2, A0 → b˜1 ¯˜b2, A0 → τ˜1 ¯˜τ2 and the corresponding crossed
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channels.
The paper is organized as follows. In section 2 we summarize the tree–level formulae.
In section 3 the full electroweak corrections are presented for which the explicit analytic
formulae are given in the Appendices B, C, D. In section 4 a detailed description of
the method to improve the one–loop calculation is presented. In section 5 the numerical
treatment as well as numerical results are shown. Section 6 summarizes our conclusions.
2 Tree–level result
The sfermion mixing is described by the sfermion mass matrix in the left–right basis
(f˜L, f˜R), and in the mass basis (f˜1, f˜2), f˜ = t˜, b˜ or τ˜ ,
M 2
f˜
=
 m 2f˜L af mf
af mf m
2
f˜R
 = (Rf˜)†
 m 2f˜1 0
0 m 2
f˜2
Rf˜ , (1)
where Rf˜iα is a 2 x 2 rotation matrix with rotation angle θf˜ , which relates the mass
eigenstates f˜i, i = 1, 2, (mf˜1 < mf˜2) to the gauge eigenstates f˜α, α = L,R, by f˜i = R
f˜
iαf˜α
and
m 2
f˜L
= M2{Q˜, L˜} + (I
3L
f −ef sin2θW ) cos 2β m 2Z +m2f , (2)
m 2
f˜R
= M2{U˜, D˜, E˜} + ef sin
2θW cos 2β m
2
Z
+m2f , (3)
af = Af − µ (tanβ)−2I3Lf . (4)
MQ˜, ML˜, MU˜ , MD˜ and ME˜ are soft SUSY breaking masses, Af is the trilinear scalar
coupling parameter, µ the higgsino mass parameter, tanβ = v2
v1
is the ratio of the vacuum
expectation values of the two neutral Higgs doublet states [2, 3], I3Lf denotes the third
component of the weak isospin of the fermion f , ef the electric charge in terms of the
elementary charge e0, and θW is the Weinberg angle.
The mass eigenvalues and the mixing angle in terms of primary parameters are
m2
f˜1,2
=
1
2
(
m2
f˜L
+m2
f˜R
∓
√
(m2
f˜L
−m2
f˜R
)2 + 4a2fm
2
f
)
, (5)
cos θf˜ =
−af mf√
(m2
f˜L
−m2
f˜1
)2 + a2fm
2
f
(0 ≤ θf˜ < pi) , (6)
and the trilinear breaking parameter Af can be written as
mfAf = m
2
LR +mf µ (tanβ)
−2I3L
f (7)
with m2LR ≡ (m2f˜1 −m2f˜2) sin θf˜ cos θf˜ .
At tree–level the decay width of A0 → f˜1 ¯˜f2 is given by
Γtree(A0 → f˜1 ¯˜f2) =
NfC κ(m
2
A0 , m
2
f˜1
, m2
f˜2
)
16 pim3A0
|Gf˜123|2 (8)
3
with κ(x, y, z) =
√
(x− y − z)2 − 4yz and the colour factor NfC = 3 for squarks and
NfC = 1 for sleptons, respectively. G
f˜
ij3 denotes the A
0–f˜ ∗i –f˜j coupling as given in Ap-
pendix A.
3 Full Electroweak Corrections
The full one–loop corrected decay width is given by
Γ(A0 → f˜1 ¯˜f2) =
NfC κ(m
2
A0 , m
2
f˜1
, m2
f˜2
)
16 pim3A0
[
|Gf˜123|2 + 2Re
(
Gf˜123 ·∆Gf˜123
)]
. (9)
The (UV finite) corrections ∆Gf˜123 consist of the vertex corrections δG
f˜(v)
123 (Fig. 12), wave–
function corrections and the coupling counter term corrections δG
f˜(c)
123 owing to the shift
from the bare to the on–shell values,
∆Gf˜123 = δG
f˜(v)
123 + δG
f˜(w)
123 + δG
f˜(c)
123 . (10)
The renormalization procedure with the fixings of the counter terms is given in [12]. The
explicit formulae of the vertex corrections δG
f˜(v)
123 as well as the various contributions to
the wave–function corrections δG
f˜(w)
123 ,
δG
f˜(w)
123 =
1
2
ℜ
[
δZ f˜11 + δZ
f˜
22 + δZ
H
33
]
Gf˜123 , (11)
can be found in the Appendices B and C. For the explicit formulae of the self–energies
needed for the calculation of the counter term correction, δG
f˜(c)
123 (see eq. (23) of [12]) , we
refer to the Appendix D.
Due to the diagrams with photon exchange we also have to consider real photon emission
corrections to cancel the infrared divergences (Fig. 12). Therefore the corrected (UV–
and IR–convergent) decay width is
Γcorr(A0 → f˜1 ¯˜f2) ≡ Γ(A0 → f˜1 ¯˜f2) + Γ(A0 → f˜1 ¯˜f2 γ) . (12)
Throughout the paper we use the SUSY invariant dimensional reduction (DR) as regu-
larization scheme. For convenience we perform the calculation in the ’t Hooft–Feynman
gauge, ξ = 1.
4 Improvement of One–loop Corrections
It has already pointed out in [12] that in the case of bottom squarks and tau sleptons,
especially for large tan β the corrections to the decay widths A0 → b˜1 ¯˜b2 and A0 → τ˜1 ¯˜τ2
can be very large in the on–shell renormalization scheme. If the corrections are negative,
the one–loop corrected width can even become negative and therefore unphysical. Hence
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the perturbation expansion around the on–shell tree–level is no longer reliable. It has
been shown in [13, 14] that, in the case of the decays into bottom squarks, the source
of these large corrections are mainly the counter terms for mb and the trilinear coupling
Ab, in particular the SUSY–QCD corrections. However, despite the absence of strong
interactions for the decay into tau sleptons, the corrections become extremely large. We
show that this problem can be solved by defining an appropriate tree–level in terms of
running values for mf and Af . The expansion around this new tree–level then no longer
suffers from bad convergence.
Correction to mb
First we review the improvement of the perturbation expansion by using DR running
bottom quark masses, following [14, 15, 16].
If the Yukawa coupling hb is given at tree–level in terms of the pole mass mb, the
one–loop corrections become very large due to gluon and gluino exchange contributions
to the counter term δmb. The large counter term caused by the gluon loop is absorbed
by using SM 2–loop renormalization group equations in the MS scheme [14, 15, 16]. Thus
we obtain the SM running bottom mˆb(Q)SM:
mˆb(Q)
MS
SM =
 mˆb(Q)MSSM
mˆb(mb)
MS
SM
 mˆb(mb)MSSM (13)
The ratio
(
mˆb(Q)
MS
SM/mˆb(mb)
MS
SM
)
can be expressed as
mˆb(Q)
MS
SM
mˆb(mb)MSSM
=

c5(α
(2)
s (Q)/pi)
c5(α
(2)
s (mb)/pi)
(mb < Q ≤ mt) ,
c6(α
(2)
s (Q)/pi)
c6(α
(2)
s (mt)/pi)
c5(α
(2)
s (mt)/pi)
c5(α
(2)
s (mb)/pi)
(Q > mt) ,
where we have used the functions
c5(x) =
(
23
6
x
) 12
23
(1 + 1.175x) (mb < Q ≤ mt) ,
c6(x) =
(
7
2
x
) 4
7
(1 + 1.398x) (Q > mt) ,
and the 2–loop RGEs for αs [16],
α(2)s (Q) =
12pi
(33− 2nf) ln Q2Λ2nf
1− 6(153− 19nf)
(33− 2nf)2
ln ln Q
2
Λ2nf
ln Q
2
Λ2nf
 , (14)
with nf = 5 or 6 for mb < Q ≤ mt or Q > mt, respectively. For the SM DR running
bottom mass at the scale Q = mb we use the MS equation
mˆb(mb)
MS
SM = mb
1 + 4
3
α(2)s (mb)
pi
+Kq
(
α(2)s (mb)
pi
)2−1 , (15)
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with Kq = 12.4 and then convert to DR using one–loop running αs(Q):
mˆb(Q)SM =
 mˆb(Q)MSSM
mˆb(mb)MSSM
 mˆb(mb)MSSM − αs(Q)3pi mb (16)
In the MSSM, for large tan β the counter term to mb can be very large due to the gluino–
mediated graph [13, 17, 18]. Here we absorb the gluino contribution as well as the sizeable
contributions from neutralino and chargino loops and the remaining electroweak self–
energies into the Higgs–sfermion–sfermion tree–level coupling. In such a way we obtain
the full DR running bottom quark mass
mˆb(Q)MSSM = mˆb(Q)SM + δmb(Q) . (17)
The explicit form of the electroweak contribution to the counter term δmb(Q) is given in
Appendix D.4.
Correction to Ab,τ
The second source of a very large correction (in the on–shell scheme) are the counter
terms for the trilinear coupling Ab,τ , (see eq. 7),
δAb,τ =
δm2LR
mb,τ
− m
2
LR
mb,τ
δmb,τ
mb,τ
+ δµ tanβ + µ δtanβ . (18)
Again, the big bottom mass correction δmb contributes to δAb, but also the counter term
of the left–right mixing elements of the sfermion mass matrix, δm2LR, gives a very large
correction for higher values of tanβ. In particular, in the case of the decay into staus,
this is the main source for the bad convergence of the tree–level expansion. As in the case
of the large correction to mb we redefine the Higgs–sfermion–sfermion tree–level coupling
in terms of DR running Aˆb,τ (mA0) . Because of the fact that the counter terms δAb,τ
(for large tanβ) can become several orders of magnitude larger than the on–shell Ab,τ we
use Aˆb,τ (mA0) as input [14]. In order to be consistent we have to perform an iteration
procedure to get all the correct running and on–shell masses, mixing angles and other
parameters. This procedure is described below.
5 Method of improvement
In this section we will explain in detail how we can improve the perturbation calculation
for the sbottom and stau case by using DR running values for mb and Ab,τ in the Higgs–
sfermion–sfermion tree–level couplings. Since we take DR running values for Aˆb and Aˆτ as
input and all other parameters on–shell we will have to pay attention to the sbottom and
stau sector in order to get consistently all needed running and on–shell masses, mixing
angles and other parameters. Here we adopt the procedure developed in [14] and also
extend it to the electroweak case.
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5.1 Calculation of running and on–shell parameters
Stop sector:
We start our calculation in the stop sector. Because all input parameters in the stop
sector are on–shell we obtain the on–shell masses mt˜1 , mt˜2 and the stop mixing angle θt˜
by diagonalizing the stop mass matrix in the t˜L–t˜R basis, see chapter 2. The running stop
masses mˆt˜i and mixing angle θˆt˜ are calculated at the scale Q = Qt˜ =
√
mt˜1mt˜2 by adding
the appropriate counter terms to the on–shell values in
mˆ2t˜i(Qt˜) = m
2
t˜i
+ δm2t˜i , (19)
δm2t˜i = ℜΠt˜ii(m2t˜i) , (20)
θˆt˜(Qt˜) = θt˜ + δθt˜ . (21)
The electroweak parts of the sfermion self–energies Πf˜ii(m
2
f˜i
) are given in Appendix D.6 and
the SUSY–QCD contributions, ΠSUSY−QCDii (m
2
f˜i
) are given in eqs. (25)–(27) in [8]. Here
and in the following all running parameters Xˆ(Q) are related to their on–shell values X
by Xˆ(Q) = X + δX , with δX being the full one–loop counter term — also including the
SUSY–QCD parts. The mixing angle is fixed by [19]
δθf˜ =
1
4
(
δZ f˜12 − δZ f˜21
)
=
1
2(m2
f˜1
−m2
f˜2
)
Re
(
Πf˜12(m
2
f˜2
) + Πf˜21(m
2
f˜1
)
)
. (22)
For DR running mˆt we use the formulae from section 4 with the obvious substitutions
mb → mt and Kq = 10.9 for the top–case. Next we evaluate the running parameters
MˆQ˜(Q) and MˆU˜ (Q) by inserting the running values mˆ
2
t˜i
(Q), θˆt˜(Q), mˆt(Q)MSSM, mˆZ(Q) =
mZ + δmZ, βˆ(Q) = β + δβ and θˆW = θW − 1sin θW
(
δmW
mW
− δmZ
mZ
)
into the equations
M2Q˜ = m
2
t˜1
cos2 θt˜ +m
2
t˜2
sin2 θt˜ −m2t −m2Z cos 2β
(
I3Lt −et sin2 θW
)
, (23)
M2U˜ = m
2
t˜1
sin2 θt˜ +m
2
t˜2
cos2 θt˜ −m2t −m2Z cos 2β et sin2 θW . (24)
For the running value of At we use (see eq. (7))
Aˆt = (mˆ
2
t˜1
− mˆ2t˜2)
sin 2θˆt˜
mˆt
+ µˆ cot βˆ , (25)
where we have taken running µˆ(Q) = µ+ (δX)22 [20, 21].
Sbottom sector:
In the sbottom sector we have given all parameters on–shell except the parameter for
the trilinear coupling, Aˆb(Q), which is running. First we calculate mˆb(Qb˜)MSSM from
eq. (17) at the scale Qb˜ =
√
mb˜1mb˜2 . From the stop sector we already know the run-
ning values of MQ˜, tanβ and µ. Then we diagonalize the sbottom mass matrix using
mˆb(Qb˜)MSSM, MˆQ˜, tan βˆ, µˆ and on–shell MD˜, which is near its running value MˆD˜, to ob-
tain the starting values for mˆb˜i and θˆb˜. The on–shell sbottom masses mb˜i and the mixing
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angle θb˜ are calculated from their running values by subtracting the appropriate counter
terms, i. e. m2
b˜i
= mˆ2
b˜i
(Q) − δm2
b˜i
, θb˜ = θˆb˜(Q) − δθb˜. Now we can compute the running
value for MD˜. Using the relation (see eq. (3))
M2
D˜
= m2
b˜1
sin2 θb˜ +m
2
b˜2
cos2 θb˜ −m2b −m2Z cos 2β eb sin2 θW (26)
we get MˆD˜ = (M
2
D˜
+ δM2
D˜
)1/2 ≈MD˜ + δM2D˜/(2MD˜) with
δM2D˜ = δm
2
b˜1
sin2 θb˜ + δm
2
b˜2
cos2 θb˜ +
(
m2
b˜1
−m2
b˜2
)
sin 2θb˜ δθb˜ − 2mb δmb
−δm2
Z
cos 2β eb sin
2 θW + 2m
2
Z
sin 2β δβ eb sin
2 θW −m2Z cos 2β eb δsin2 θW
(27)
and δmb = mˆb(Qb˜)MSSM−mb. Because the parameters involved in these calculations are
very entangled, e. g. MˆD˜ depends on the δmb˜i which themselves depend on MD˜, we have
to perform an iteration procedure.
Iteration procedure:
Here we will describe in detail the procedure how we obtain all necessary on–shell and
running parameters. For convenience, we shortly denote all masses, parameters, couplings
etc. for a certain n ≥ 1 in the iteration by Xˆ (n). As starting values Xˆ (0) we take on–
shell masses and parameters (except Aˆb which is running) and the couplings derived from
these quantities. The only exceptions are the standard model running fermion masses
mˆ
(0)
f = mˆf (Q)SM. mˆf shortly stands for the full DR running fermion masses, mˆf(Q)MSSM.
The single steps of the iteration procedure are the following:
1. The running stop masses and the stop mixing angle are calculated as explained
above by mˆ
2 (n)
t˜i
= m2
t˜i
+ δm
2 (n)
t˜i
(Xˆ (n−1)) and θˆ(n)
t˜
= θt˜ + δθ
(n)
t˜
(Xˆ (n−1)).
2. mˆ
(n)
t = mˆt,SM + δm
(n)
t (Xˆ (n−1))
3. mˆ
(n)
Z = mZ + δm
(n)
Z (Xˆ (n−1)) and
sin2 θˆ
(n)
W = sin
2 θW + δsin
2 θ
(n)
W with δsin
2 θ
(n)
W = − cos2 θW
(
δmW
mW
− δmZ
mZ
)
(Xˆ (n−1))
4. The running value of tanβ, tan βˆ(n) = tan β + δ tan β(n),
with δ tanβ(n) =
1
mZ sin 2β
ImΠA0Z0(Xˆ (n−1)) tanβ [22].
5. µˆ(n) = µ+ δµ(n) with δµ(n) = δX22(Xˆ (n−1)).
6. The soft SUSY breaking masses Mˆ
(n)
Q˜,U˜
are calculated from mˆ
(n)
t˜i
, θˆ
(n)
t˜
, mˆt(Qt˜)
(n),
mˆ
(n)
Z , sin
2 θˆ
(n)
W and tan βˆ(n).
7. We compute the running Aˆt by using running values in eq. (25):
Aˆ
(n)
t =
(
mˆ
2 (n)
t˜1
−m2 (n)
t˜2
) sin 2θˆ(n)
t˜
mˆ
(n)
t
+ µˆ(n) cot βˆ(n)
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8. In the sbottom sector we obtain δm
(n)
b from the running values already calculated
in steps 1.–7., like mˆ
(n)
b˜i
, θˆ
(n)
b˜
or mˆ
(n)
f , and the remaining masses, couplings etc. from
Xˆ (n−1).
9. mˆ
(n)
b = mˆb,SM + δm
(n)
b .
10. We receive the running sbottom masses, mˆ
(n)
b˜i
, and the mixing angle, θˆ
(n)
b˜
, by solving
the mass eigenvalue problem with the running values of Mˆ
(n)
Q˜
, Mˆ
(n−1)
D˜
, mˆ
(n)
b , Aˆb, µˆ
(n)
and tan βˆ(n).
11. The on–shell sbottom masses m
2 (n)
b˜i
= mˆ
2 (n)
b˜i
− δm2 (n)
b˜i
(Q
(n)
b˜
) at the scale Q
(n)
b˜
=√
mˆ
(n)
b˜1
mˆ
(n)
b˜2
, and θ
(n)
b˜
= θˆ
(n)
b˜
− δθ(n)
b˜
.
12. δM
2 (n)
D˜
= δm
2 (n)
b˜1
sin2 θb˜+δm
2 (n)
b˜2
cos2 θb˜+
(
m2
b˜1
−m2
b˜2
)
sin 2θb˜ δθ
(n)
b˜
−2mb
(
mˆ
(n)
b −mb
)
−δm2 (n)Z cos 2β eb sin2 θW+2m2Z sin 2β δβ(n) eb sin2 θW−m2Z cos 2β eb δsin2 θ(n)W .
(Remember that the values without a hat (ˆ) are on–shell ones!)
13. Mˆ
(n)
D˜
= MD˜ +
1
2
δM
2 (n)
D˜
MD˜
.
14. In the sneutrino sector we calculate the running sneutrino mass
mˆ
2 (n)
ν˜τ = m
2
ν˜τ +δm
2 (n)
ν˜τ (Xˆ (n−1)) and Mˆ2 (n)L˜ = mˆ
2 (n)
ν˜τ − 12 mˆ(n)Z cos 2βˆ(n), see also eq (23).
15. In the stau sector the values for running mˆ(n)τ , mˆ
(n)
τ˜i
etc. are calculated like in the
steps 8–13 in the sbottom sector with the evident substitution b˜→ τ˜ for the corre-
sponding parameters and MQ˜ →ML˜,MD˜ →ME˜ .
16. All couplings are recalculated with the new running parameters → Xˆ n.
The iteration starts with n = 1 and ends, when certain parameters are calculated precisely
enough for a given accuracy, i. e.
∣∣∣1− xˆ(n)
xˆ(n−1)
∣∣∣ < ε for xˆ = {mˆb, MˆD˜, mˆτ , MˆE˜}. For ε we
choose ε = 10−8. We have checked the consistency of this procedure by computing the
on–shell MD˜ and running MQ˜ from the sbottom sector by using
M2
D˜
= m2
b˜1
sin2 θb˜ +m
2
b˜2
cos2 θb˜ −m2b −m2Z cos 2β eb sin2 θW , (28)
Mˆ2Q˜ = mˆ
2
b˜1
cos2 θˆb˜ + mˆ
2
b˜2
sin2 θˆb˜ − mˆ2b − mˆ2Z cos 2βˆ
(
I3Lb −eb sin2 θˆW
)
, (29)
which are equal (up to higher order corrections) to the on–shell input MD˜ and running
MQ˜ from the stop sector.
For easier reading the single steps of the iteration procedure of the stop and sbottom
sector are depicted in the flowchart in Fig. 1.
9
^m
2
~
t
i
=m
2
~
t
i
+ m
2
~
t
i
^

~
t
= 
~
t
+ 
~
t
^m
t
= ^m
t;SM
+ m
t
^m
Z
=m
Z
+ m
Z
^s
W
= s
W
+ s
W
^
=  + 
^=+ 
^
M
~
Q;
~
U
^
A
t
(Q)
^m
b
= ^m
b;SM
+ m
b
m
2
~
b
i
= ^m
2
~
b
i
  m
2
~
b
i

~
b
=
^

~
b
  
~
b
M
~
D
^
M
~
D
recalculate
all couplings
compare
^m
b
;
^
M
~
D
STARTEND
Figure 1: Simplified flowchart for the iteration procedure. For details see section 5.1.
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5.2 Numerical results
In the following numerical examples, we take for the standard model parameters mZ =
91.1876 GeV, mW = 80.423 GeV, sin
2 θW = 1 − m2W/m2Z, α(mZ) = 1/127.934, mt =
174.3 GeV, mb = 4.7 GeV, mτ = 1.8 GeV and {mu, md, me, mc, ms, mµ} = {4, 8, 0.511,
1300, 200, 106} MeV for 1st and 2nd generation fermions. M ′ is fixed by the gaugino
unification relation M ′ =
5
3
tan2 θWM , therefore the gluino mass is related to M by
mg˜ = (αs(mg˜)/α) sin
2 θWM . In order to reduce the number of parameters in the input
parameter set, we assume MQ˜ ≡ MQ˜3 = 109 MU˜3 = 1011MD˜3 = ML˜3 = ME˜3 = MQ˜1,2 =
MU˜1,2 = MD˜1,2 = ML˜1,2 = ME˜1,2 for the first, second and third generation soft SUSY
breaking masses as well as A ≡ At = Ab = Aτ for all (s)fermion generations, if not stated
otherwise.
stop–case:
In Fig. 2 we show the tree–level and the corrected widths to A0 → t˜1 ¯˜t2 for tanβ = 15
and {mA0, A,M,MQ˜} = {700,−500, 120, 300} GeV as a function of the higgsino mass
parameter µ. The electroweak corrections are almost constant about −7%.
At µ ≈ −242 GeV one can identify the pseudo–threshold coming from t˜2 → t χ˜04.
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Figure 2: Tree–level (dotted line), full electroweak corrected decay width (dashed line)
and full one–loop (electroweak and SUSY–QCD) corrected width (solid line) of A0 → t˜1 ¯˜t2
as a function of µ.
Fig. 3 shows the tree–level, the full electroweak and the full one–loop corrected (elec-
troweak and SUSY–QCD) decay width of A0 → t˜1 ¯˜t2 as a function of the lighter stop
mass, mt˜1 , where MQ˜ is varied from 200 to 450 GeV. As input parameters we choose
{mA0 , µ, A,M} = {900, 250, 300, 120} GeV and tan β = 7. Again, in a large region of
the parameter space the electroweak corrections are comparable to the SUSY–QCD ones.
The pseudo–threshold at mt˜1 ≈ 304 GeV originates from t˜2 → t χ˜03 in the wave–function
correction.
In Fig. 4 the dependence of the crossed channel decay width, Γ(t˜2 → t˜1A0), as a
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Figure 3: Tree–level (dotted line), full electroweak corrected decay width (dashed line)
and full one–loop (electroweak and SUSY–QCD) corrected width (solid line) of A0 → t˜1 ¯˜t2
as a function of mt˜1 .
function of tanβ is given. We see that the electroweak corrections have different sign
compared to the SUSY–QCD ones and go up to 10%. As input parameters we have
chosen {mA0 , µ, A,M,MQ˜} = {170, 500,−390, 250, 350} GeV as well as MU˜3 = 450 GeV
to get an acceptable stop mass splitting.
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Figure 4: tan β–dependence of the tree–level (dotted line), full electroweak corrected
(dashed line) and full one–loop corrected (solid line) decay widths of t˜2 → t˜1A0.
Fig. 5 shows the decay width Γ(t˜2 → t˜1A0) as a function of mt˜1 , varyingMQ˜3 from 200
to 460 GeV. To get a larger mass splitting for the top squarks, we relax the conditions
for 3rd generation squarks and take {MU˜3 ,MD˜3} = {500, 300} GeV. All other SUSY
breaking masses are fixed at 300 GeV. For the remaining input parameters we choose
{mA0 , µ, A} = {120,−400,−350} GeV and tanβ = 7.
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Figure 5: mt˜1–dependence of the tree–level (dotted line), full electroweak corrected
(dashed line) and full one–loop corrected (solid line) decay widths of t˜2 → t˜1A0.
sbottom–case:
In Fig. 6 we show two kinds of perturbation expansion for Γ(A0 → b˜1 ¯˜b2) with {mA0 , µ,
A,M,MQ˜} = {800,−300,−500, 200, 300} GeV: First we show the tree–level width, given
in terms of on–shell input parameters (dotted line). The dashed and dash–dot–dotted
line correspond to the on–shell electroweak and full (electroweak plus SUSY–QCD) one–
loop width, respectively. For both corrections one can clearly see the invalidity of the
on–shell perturbation expansion, which leads to an improper negative decay width. The
second way of perturbation expansion is given by the dash–dotted and the solid line
which correspond to the improved tree–level and improved full one–loop decay width,
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Figure 6: Two kinds of perturbation expansion: the dotted line corresponds to the on–
shell tree–level width, the dashed and dash–dot–dotted line correspond to electroweak
SUSY–QCD on–shell one–loop width, respectively. The dash–dotted line corresponds to
improved the tree–level and the solid line to the (full) improved one–loop width.
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respectively. Here we take the same input parameters as in the first case but with running
A = −500 GeV.
In Fig. 7 we show the decay width Γ(A0 → b˜1 ¯˜b2) as a function of DR running A for
{mA0 , µ,M,MQ˜} = {800,−300, 300, 300} GeV and tanβ = 30. The dotted line corre-
sponds to the improved tree–level, the dashed line corresponds to the improved SUSY–
QCD one–loop width and the solid line shows the full improved one–loop width. For
negative A the electroweak corrections decrease the decay width by ∼ 20%, whereas for
positive A the SUSY–QCD corrections almost vanish and the electroweak ones go up to
30%.
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Figure 7: Perturbation expansion around the improved tree–level decay width (dotted
line) of Γ(A0 → b˜1 ¯˜b2) as a function of the trilinear coupling A. Dashed and solid lines
correspond to the improved SUSY–QCD and full improved one–loop width, respectively.
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Figure 8: tan β–dependence of Γ(b˜2 → b˜1A0) for two kinds of perturbation expansion.
The dotted and dash–dot–dotted lines corresponds to on–shell tree–level and full one–
loop width, respectively, the dash–dotted line corresponds to improved tree–level and the
solid line shows the full improved one–loop width.
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Fig. 8 shows the behaviour of the decay width Γ(b˜2 → b˜1A0) for large tanβ. As in
Fig. 6 two kinds of perturbation expansion are given. The dotted and dash–dot–dotted
lines correspond to the tree–level and full one–loop decay widths in the pure on–shell
scheme. For large tan β one can clearly see the invalidity of the perturbation series,
leading to a negative decay width. In the second case we show the expansion around
the tree–level decay width, given in terms of running Ab and mb. The dash–dotted
line corresponds to the improved tree–level and the solid one to the one–loop width.
Up to tan β ∼ 30 the corrections stay relatively small which indicates that already the
(improved) tree–level is a good approximation for Γ(b˜2 → b˜1A0). As input parameters
we take the values {mA0 , µ, A,M,MQ˜} = {150,−220, 500, 200, 300} GeV and MD˜3 =
500 GeV for kinematical reasons.
In Fig. 9 the A0 decay into two staus is given as a function of tan β. Despite
the absence of SUSY–QCD corrections the perturbation expansion around the on–shell
tree–level (dotted line) leads to an improper negative decay width (dashed line) com-
ing from large O(h2b) corrections. As input parameters we take {mA0, µ, A,M,MQ˜} =
{800, 400,−500, 120, 300} GeV. The dash–dotted line corresponds to the improved tree–
level and the solid line shows the improved one–loop width for the same input parameters
as above and running A = −500 GeV.
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Figure 9: On–shell tree–level (dotted line) and full electroweak on–shell corrected decay
width (dashed line) of A0 → τ˜1 ¯˜τ2 as a function of tanβ. The dash–dotted and solid lines
correspond to improved tree–level and full improved one–loop decay widths.
Fig. 10 shows the decay width of Γ(A0 → τ˜1 ¯˜τ2) as a function of the mass of the
decaying Higgs boson A0 for the improved perturbation expansion. The dotted and
the solid lines correspond to the (improved) tree–level and full one–loop widths, respec-
tively. In the whole region of the parameter space shown the (electroweak) corrections
decrease the on–shell width by 15%. As input parameters we choose {µ,A,M,MQ˜} =
{−450,−500, 120, 260} GeV and tanβ = 7.
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Figure 10: mA0–dependence of the improved tree–level (dotted line) and full one–loop
corrected (solid line) decay widths of Γ(A0 → τ˜1 ¯˜τ2).
In Fig. 11 we show the A dependence of Γ(τ˜2 → τ˜1A0) in the improved case. For
negative values of A the corrections increase the on–shell width by ∼ 20% whereas for
positive values of A the corrections are negative and go up to 15%. The input parameters
are taken as follows: {mA0, µ,M,MQ˜} = {150, 400, 300, 300} GeV and ME˜3 = 500 GeV
for an acceptable stau mass splitting. For tanβ we take the value 30.
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Figure 11: A–dependence of the improved tree–level (dotted line) and improved one–loop
decay width (solid line) for τ˜2 → τ˜1A0.
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6 Conclusions
We have calculated the full electroweak one–loop corrections to the decay widths A0 →
f˜1
¯˜
f2 and f˜2 → f˜1A0 in the on–shell scheme. We have presented all formulae required
for the computation. It has been necessary to renormalize almost all parameters of the
MSSM. We have also included the SUSY–QCD corrections which were calculated in [8].
For the decay into bottom squarks and tau sleptons for large tan β an improvement of the
on–shell perturbation expansion is necessary. We have worked out an iterative method to
improve the one–loop calculation. Thereby, the tree–level coupling is redefined in terms
of DR running masses and running Af . We find that the corrections are significant and
in a wide range of the parameter space comparable to the SUSY–QCD corrections.
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A Notation and Couplings
For the neutral and charged Higgs fields we use the notation H0k = {h0, H0, A0, G0},
H+k = {H+, G+, H−, G−} and H−k ≡ (H+k )∗ = {H−, G−, H+, G+}. t/t˜ stands for an
up–type (s)fermion and b/b˜ for a down–type one. Following [2, 3] the Higgs–Sfermion–
Sfermion couplings for neutral Higgs bosons, Gf˜ijk, can be written as
Gf˜ijk ≡ G
(
H0k f˜
∗
i f˜j
)
=
[
Rf˜Gf˜LR,k(R
f˜ )T
]
ij
. (30)
The 3rd generation left–right couplings Gf˜LR,k for up– and down–type sfermions are
Gt˜LR,1 =
 −√2htmtcα + gZmZ(I3Lt −ets2W )sα+β − ht√2(At cα + µsα)
− ht√
2
(At cα + µsα) −
√
2htmtcα + gZmZets
2
W
sα+β
 ,
Gb˜LR,1 =
√2hbmbsα + gZmZ(I3Lb −ebs2W )sα+β hb√2(Ab sα + µcα)
hb√
2
(Ab sα + µcα)
√
2hbmbsα + gZmZebs
2
W
sα+β
 ,
Gf˜LR,2 = G
f˜
LR,1 with α→ α− pi/2 ,
Gt˜LR,3 = −
√
2ht
 0 − i2(At cβ + µ sβ)
i
2
(
At cβ + µ sβ
)
0
 ,
Gb˜LR,3 = −
√
2hb
 0 − i2(Ab sβ + µ cβ)
i
2
(
Ab sβ + µ cβ
)
0
 ,
Gf˜LR,4 = G
f˜
LR,3 with β → β − pi/2 ,
where we have used the abbreviations sx ≡ sin x, cx ≡ cosx and sW ≡ sin θW . α denotes
the mixing angle of the {h0, H0}–system, and ht and hb are the Yukawa couplings
ht =
g mt√
2mW sin β
, hb =
g mb√
2mW cos β
. (31)
The couplings of charged Higgs bosons to two sfermions are given by (l = 1, 2)
Gf˜ f˜
′
ijl ≡ G
(
H±l f˜
∗
i f˜
′
j
)
= Gf˜
′f˜
jil =
(
Rf˜ Gf˜ f˜
′
LR,l
(
Rf˜
′
)T)
ij
, (32)
Gt˜b˜LR,1 =
 hbmb sin β + htmt cos β − gmW√2 sin 2β hb(Ab sin β + µ cos β)
ht(At cos β + µ sinβ) htmb cos β + hbmt sin β
 , (33)
Gb˜t˜LR,1 =
 hbmb sin β + htmt cos β − gmW√2 sin 2β ht(At cos β + µ sinβ)
hb(Ab sin β + µ cos β) htmb cos β + hbmt sin β
 = (Gt˜b˜LR,1)T ,
(34)
Gf˜ f˜
′
LR,2 = G
f˜ f˜ ′
LR,1 with β → β −
pi
2
. (35)
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f ′ denotes the isospin partner of the fermion f , i. e. t′ = b, b˜′i = t˜i etc. Note that only
the angle β explicitly given in the matrices above has to be substituted; the dependence
of β in the Yukawa couplings has to remain the same.
The H0kH
0
l f˜
∗
i f˜j interaction is given by
L = −1
2
∑
f
[
h2f c
f˜
kl δij + g
2
(
cb˜kl − ct˜kl
)
ef˜ij
]
H0kH
0
l f˜
∗
i f˜j , (36)
with
cb˜kl =

sin2α −1
2
sin 2α 0 0
−1
2
sin 2α cos2α 0 0
0 0 sin2β −1
2
sin 2β
0 0 −1
2
sin 2β cos2β
 , (37)
ct˜kl =

cos2α 1
2
sin 2α 0 0
1
2
sin 2α sin2α 0 0
0 0 cos2β 1
2
sin 2β
0 0 1
2
sin 2β sin2β
 , (38)
ef˜ij =
1
2c2
W
[
(I3Lf − efs2W )Rf˜i1Rf˜j1 + efs2WRf˜i2Rf˜j2
]
. (39)
For the H+k H
−
l f˜
∗
i f˜j interaction,
L = −1
2
∑
f
[
h2f d
f˜
kl
(
Rf˜i2R
f˜
j2 +R
f˜ ′
i1R
f˜ ′
j1
)
+ g2
(
db˜kl − dt˜kl
)
f f˜ij
]
H+k H
−
l f˜
∗
i f˜j , (40)
we use the coupling matrices
db˜kl =

sin2β −1
2
sin 2β 0 0
−1
2
sin 2β cos2β 0 0
0 0 sin2β −1
2
sin 2β
0 0 −1
2
sin 2β cos2β
 , (41)
dt˜kl =

cos2β 1
2
sin 2β 0 0
1
2
sin 2β sin2β 0 0
0 0 cos2β 1
2
sin 2β
0 0 1
2
sin 2β sin2β
 , (42)
f f˜ij =
1
2c2
W
[
(− I3Lf cos 2θW − efs2W )Rf˜i1Rf˜j1 + efs2WRf˜i2Rf˜j2
]
. (43)
For the Higgs–fermion–fermion couplings the interaction Lagrangian reads
L =
2∑
k=1
sfk H
0
k f¯ f +
4∑
k=3
sfk H
0
k f¯γ
5f +
2∑
l=1
[
H+l t¯ (y
b
lPR+y
t
lPL) b+ h.c.
]
(44)
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with the couplings
st1 = − g mt cosα2mW sinβ = − ht√2 cosα, sb1 = g
mb sinα
2mW cos β
= hb√
2
sinα ,
st2 = − g mt sinα2mW sinβ = − ht√2 sinα, sb2 = − g
mb cosα
2mW cos β
= − hb√
2
cosα ,
st3 = ig
mt cotβ
2mW
= i ht√
2
cos β, sb3 = ig
mb tan β
2mW
= i hb√
2
sin β ,
st4 = ig
mt
2mW
= i ht√
2
sin β, sb4 = − ig mb2mW = − i
hb√
2
cos β ,
yt1 = g
mt cot β√
2mW
= ht cos β, y
b
1 = g
mb tan β√
2mW
= hb sin β ,
yt2 = g
mt√
2mW
= ht sin β, y
b
2 = − g mb√2mW = − hb cos β .
(45)
The interaction Lagrangian for Higgs bosons and gauginos is given by
L = −g
2
2∑
k=1
H0k ¯˜χ
0
l F
0
lmk χ˜
0
m − i
g
2
4∑
k=3
H0k ¯˜χ
0
l F
0
lmkγ5 χ˜
0
m
−g
2∑
k=1
H0k ¯˜χ
+
i
(
F+ijkPR + F
+
jikPL
)
χ˜+j + ig
4∑
k=3
H0k ¯˜χ
+
i
(
F+ijkPR + F
+
jikPL
)
χ˜+j
−g
2∑
k=1
[
H+k ¯˜χ
+
i
(
FRilkPR + F
L
ilkPL
)
χ˜0l + h.c.
]
. (46)
with
F 0lmk =
ek
2
[
Zl3Zm2 + Zm3Zl2 − tan θW (Zl3Zm1 + Zm3Zl1)
]
+
dk
2
[
Zl4Zm2 + Zm4Zl2 − tan θW (Zl4Zm1 + Zm4Zl1)
]
= F 0mlk , (47)
F+ijk =
1√
2
(ekVi1Uj2 − dkVi2Uj1) , (48)
and
FRilk = dk+2
[
Vi1Zl4 +
1√
2
(Zl2 + Zl1 tan θW )Vi2
]
,
FLilk = −ek+2
[
Ui1Zl3 − 1√
2
(Zl2 + Zl1 tan θW )Ui2
]
. (49)
U, V and Z are rotation matrices which diagonalize the chargino and neutralino mass
matrices. dk and ek take the values
dk = {− cosα,− sinα, cos β, sin β} , ek = {− sinα, cosα,− sin β, cos β} .
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The coupling of the vector boson Z0 to two sfermions, L = −i gZ zf˜ij Z0µ f˜ ∗i
↔
∂µ f˜j with
gZ = g/ cos θW , is given by the matrix
zf˜ij = C
f
LR
f˜
i1R
f˜
j1 + C
f
RR
f˜
i2R
f˜
j2
with CfL = I
3L
f − efs2W and CfR = −efs2W .
For the interaction of a vector boson with two gauginos we use the couplings
OLij = Zi2Vj1 − 1√2Zi4Vj2 , ORij = Zi2Uj1 + 1√2Zi3Uj2 ,
O
′L
ij = − Vi1Vj1 − 12Vi2Vj2 + δijs2W ,
O
′R
ij = − Ui1Uj1 − 12Ui2Uj2 + δijs2W ,
O
′′L
ij = − 12Zi3Zj3 + 12Zi4Zj4 = −O
′′R
ij .
The interaction Lagrangian of the chargino–sfermion–fermion couplings is given by
L = t¯
(
lb˜ijPR + k
b˜
ijPL
)
χ˜+j b˜i + b¯
(
lt˜ijPR + k
t˜
ijPL
)
χ˜+cj t˜i
+ χ˜+j
(
lb˜ijPL + k
b˜
ijPR
)
t b˜∗i + χ˜
+c
j
(
lt˜ijPL + k
t˜
ijPR
)
b t˜∗i (50)
with the coupling matrices
lt˜ij = −gVj1Rt˜i1 + htVj2Rt˜i2 , lb˜ij = −gUj1Rb˜i1 + hbUj2Rb˜i2 ,
kt˜ij = hbUj2R
t˜
i1 , k
b˜
ij = htVj2R
b˜
i1 .
(51)
For the neutralino–sfermion–fermion couplings the Lagrangian reads
L = f¯
(
af˜ikPR + b
f˜
ikPL
)
χ˜0k f˜i + ¯˜χ
0
k
(
af˜ikPL + b
f˜
ikPR
)
f f˜ ∗i (52)
with the coupling matrices
af˜ik = hfZkxR
f˜
i2 + gf
f
LkR
f˜
i1 , b
f˜
ik = hfZkxR
f˜
i1 + gf
f
RkR
f˜
i2 (53)
and
f fLk =
√
2
(
(ef − I3Lf ) tan θWZk1 + I3Lf Zk2
)
, f fRk = −
√
2ef tan θWZk1 . (54)
x takes the values {3, 4} for {down, up}–type case, respectively.
B Vertex corrections
Here we give the explicit form of the electroweak contributions to the vertex corrections
which are depicted in Fig. 12. For SUSY–QCD contributions we refer to [8].
δG
f˜(v)
123 = δG
f˜(v,Hf˜ f˜)
123 + δG
f˜(v,f˜HH)
123 + δG
f˜(v,χ˜ff)
123 + δG
f˜(v,fχ˜χ˜)
123
+ δG
f˜(v,V )
123 + δG
f˜(v,f˜ f˜)
123 + δG
f˜(v,Hf˜)
123 + δG
f˜(v,AZ)
123 + δG
f˜(v,AG)
123 (55)
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The single contributions correspond to the diagrams with three scalar particles
(
δG
f˜(v,Hf˜ f˜)
123
and δG
f˜(v,HHf˜)
123
)
, three fermions
(
δG
f˜(v,χ˜ff)
123 and δG
f˜(v,fχ˜χ˜)
123
)
, one vector particle
(
δG
f˜(v,V )
123
)
or two scalar particles
(
δG
f˜(v,f˜ f˜)
123 and δG
f˜(v,Hf˜)
123
)
in the loop. δG
f˜(v,AZmix)
123 denotes the
correction due to the mixing of A0 and Z0 and δG
f˜(v,AG)
123 is the Higgs mixing transition
A0–G0.
As shown in [12] we can sum up the A0Z0 and A0G0 transition amplitudes which leads to
δG
f˜(v,AZ)
123 + δG
f˜(v,AG)
123 = −
i
mZ
ΠAZ(m
2
A0)G
f˜
124 . (56)
The explicit form of the A0–Z0 self–energy, ΠAZ(m
2
A0), is given in app. D.1. The vertex
corrections from the exchange of one Higgs and two sfermions are
δG
f˜(v,Hf˜ f˜)
123 = −
1
(4pi)2
2∑
m,n=1
4∑
k=1
Gf˜mn3G
f˜
imkG
f˜
njk C0
(
m2
f˜i
, m2A0 , m
2
f˜j
, m2H0
k
, m2
f˜m
, m2
f˜n
)
− 1
(4pi)2
2∑
m,n=1
2∑
k=1
Gf˜
′
mn3G
f˜ f˜ ′
imkG
f˜ f˜ ′
jnk C0
(
m2
f˜i
, m2A0 , m
2
f˜j
, m2
H+
k
, m2
f˜ ′m
, m2
f˜ ′n
)
(57)
with the standard two–point function C0 [23] for which we follow the conventions of [24].
The graph with 2 Higgs particles and one sfermion in the loop leads to
δG
f˜(v,f˜HH)
123 = −
1
(4pi)2
gZ mZ
2
2∑
m=1
(
2∑
k=1
4∑
l=3
Gf˜imkG
f˜
mjlAk,l−2 +
4∑
k=3
2∑
l=1
Gf˜imkG
f˜
mjl Al,k−2
)
×
C0
(
m2
f˜i
, m2A0 , m
2
f˜j
, m2
f˜m
, m2H0
k
, m2H0
l
)
− i
(4pi)2
I3Lf g mW
2∑
m=1
(
Gf˜ f˜
′
im1G
f˜ f˜ ′
jm2C0
(
m2
f˜i
, m2A0, m
2
f˜j
, m2
f˜ ′m
, m2H+ , m
2
G+
)
−Gf˜ f˜ ′im2Gf˜ f˜
′
jm1C0
(
m2
f˜i
, m2A0 , m
2
f˜j
, m2
f˜ ′m
, m2G+ , m
2
H+
))
with
Akl =
( − cos 2β sin(α + β) − sin 2β sin(α + β)
cos 2β cos(α + β) sin 2β cos(α + β)
)
.
For the gaugino exchange contributions we get
δG
f˜(v,χ˜ff)
123 =
1
(4pi)2
4∑
k=1
F
(
m2
f˜i
, m2A0, m
2
f˜j
, mχ˜0
k
, mf , mf ; s
f
3 ,−sf3 , bf˜ik, af˜ik, af˜jk, bf˜jk
)
+
1
(4pi)2
2∑
k=1
F
(
m2
f˜i
, m2A0, m
2
f˜j
, mχ˜+
k
, mf ′ , mf ′; s
f ′
3 ,−sf
′
3 , k
f˜
ik, l
f˜
ik, l
f˜
jk, k
f˜
jk
)
,
22
δG
f˜(v,fχ˜χ˜)
123 =
1
(4pi)2
4∑
k,l=1
F
(
m2
f˜i
, m2A0 , m
2
f˜j
, mf , mχ˜0
k
, mχ˜0
l
; igF 0lk3,−igF 0lk3, bf˜ik, af˜ik, af˜jl, bf˜jl
)
+
1
(4pi)2
2∑
k,l=1
F
(
m2
f˜i
, m2A0 , m
2
f˜j
, mf ′ , mχ˜+
k
, mχ˜+
l
; igF˜+kl3,−igF˜+lk3, kf˜ik, lf˜ik, lf˜jl, kf˜jl
)
,
(58)
where F (. . .) shortly stands for
F
(
m21, m
2
0, m
2
2,M0,M1,M2; g
R
0 , g
L
0 , g
R
1 , g
L
1 , g
R
2 , g
L
2
)
= (h1M1+h2M2)B0(m
2
0,M
2
1 ,M
2
2 )
+ (h0M0+h1M1)B0(m
2
1,M
2
0 ,M
2
1 ) + (h0M0+h2M2)B0(m
2
2,M
2
0 ,M
2
2 )
+
[
2
(
gR0 g
R
1 g
R
2 +g
L
0 g
L
1 g
L
2
)
M0M1M2 + h0M0
(
M21+M
2
2−m20
)
+ h1M1
(
M20+M
2
2−m22
)
+ h2M2
(
M20+M
2
1−m21
) ]
C0(m
2
1, m
2
0, m
2
2,M
2
0 ,M
2
1 ,M
2
2 ) (59)
with the abbreviations h0 =
(
gL0 g
R
1 g
R
2 + g
R
0 g
L
1 g
L
2
)
, h1 =
(
gL0 g
L
1 g
R
2 + g
R
0 g
R
1 g
L
2
)
and h2 =(
gR0 g
L
1 g
R
2 + g
L
0 g
R
1 g
L
2
)
. For up–type sfermions F˜+kl3 = F
+
kl3 and for down–type sfermions
chargino indices are interchanged, F˜+kl3 = F
+
lk3 .
We split the irreducible vertex graphs with one vector particle in the loop into the single
contributions of the photon, the Z–boson and the W–boson,
δG
f˜(v,V )
123 = δG
f˜(v,γ)
123 + δG
f˜(v,Z)
123 + δG
f˜(v,W )
123 . (60)
In order to regularize the infrared divergences we introduce a photon mass λ. Thus we
have
δG
f˜(v,γ)
123 =
1
(4pi)2
(e0ef)
2Gf˜123 V
(
m2
f˜i
, m2A0 , m
2
f˜j
, λ2, m2
f˜i
, m2
f˜j
)
,
δG
f˜(v,Z)
123 =
1
(4pi)2
g2
Z
2∑
m,n=1
Gf˜mn3 z
f˜
im z
f˜
nj V
(
m2
f˜i
, m2A0 , m
2
f˜j
, m2
Z
, m2
f˜m
, m2
f˜n
)
− i
(4pi)2
g2
Z
2
2∑
k,m=1
Gf˜mjk z
f˜
imR1k(α−β) V
(
m2A0 , m
2
f˜j
, m2
f˜i
, m2
Z
, m2H0
k
, m2
f˜m
)
+
i
(4pi)2
g2
Z
2
2∑
k,m=1
Gf˜imk z
f˜
mj R1k(α−β) V
(
m2
f˜j
, m2
f˜i
, m2A0 , m
2
Z
, m2
f˜m
, m2H0
k
)
,
δG
f˜(v,W )
123 =
1
(4pi)2
g2
2
2∑
m,n=1
Gf˜
′
mn3R
f˜
i1R
f˜
j1R
f˜ ′
m1R
f˜ ′
n1 V
(
m2
f˜i
, m2A0 , m
2
f˜j
, m2
W
, m2
f˜ ′m
, m2
f˜ ′n
)
+
i
(4pi)2
g2
2
√
2
2∑
m=1
Gf˜ f˜
′
jm1R
f˜
i1R
f˜ ′
m1 V
(
m2A0 , m
2
f˜j
, m2
f˜i
, m2
W
, m2H+ , m
2
f˜ ′m
)
− i
(4pi)2
g2
2
√
2
2∑
m=1
Gf˜ f˜
′
im1R
f˜ ′
m1R
f˜
j1V
(
m2
f˜j
, m2
f˜i
, m2A0 , m
2
W
, m2
f˜ ′m
, m2H+
)
, (61)
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where we have used the vector vertex function
V
(
m21, m
2
0, m
2
2,M
2
0 ,M
2
1 ,M
2
2
)
= −B0
(
m20,M
2
1 ,M
2
2
)
+B0
(
m21,M
2
0 ,M
2
1
)
+B0
(
m22,M
2
0 ,M
2
2
)
+
(
−2m20+m21+m22−M20+M21+M22
)
C0
(
m21, m
2
0, m
2
2,M
2
0 ,M
2
1 ,M
2
2
)
(62)
and the rotation matrix Rkl,
Rkl(φ) ≡
(
cos φ sin φ
− sin φ cos φ
)
kl
.
zf˜ij can be found in Appendix A.
For the vertex graphs with 2 sfermions in the loop we obtain
δG
f˜(v,f˜ f˜)
123 = −
1
(4pi)2
h2f
2∑
m,n=1
Gf˜nm3
[
Rf˜ijmn+R
f˜
mnij+N
f
C
(
Rf˜inmj+R
f˜
mjin
)]
B0
(
m2A0 , m
2
f˜m
, m2
f˜n
)
− 1
(4pi)2
g2
Z
2∑
m,n=1
Gf˜nm3
{[(1
4
− (2I3Lf −ef )efs2W
)
Rf˜Lijmn + e
2
fs
2
W
Rf˜Rijmn
]
(NfC + 1)
+(I3Lf −ef)efs2W
[
NfC
(
Rf˜ijmn+R
f˜
mnij
)
+Rf˜inmj+R
f˜
mjin
]}
×B0
(
m2A0 , m
2
f˜m
, m2
f˜n
)
− 1
(4pi)2
N fˆC hfhfˆ
2∑
m,n=1
G
ˆ˜
f
nm3
(
R
f˜
ˆ˜
fF
ijnm +R
f˜
ˆ˜
fF
jimn
)
B0
(
m2A0 , m
2
ˆ˜
fm
, m2ˆ˜
fn
)
. (63)
For various products of sfermion rotation matrices we have introduced the short forms
Rf˜Lijkl = R
f˜
i1R
f˜
j1R
f˜
k1R
f˜
l1 , R
f˜
ijkl = R
f˜
i1R
f˜
j1R
f˜
k2R
f˜
l2 ,
Rf˜Rijkl = R
f˜
i2R
f˜
j2R
f˜
k2R
f˜
l2 , R
f˜ ˆ˜fF
ijkl = R
f˜
i1R
f˜
j2R
ˆ˜f
k1R
ˆ˜f
l2 .
(64)
Note that the last term in eq. (63) originates from the mixing of 2 squarks and 2 sleptons,
where fˆ denotes the ’family partner‘ of the fermion f with the same isospin and from the
same generation, i.e. tˆ = ντ or ˆ˜τi = b˜i. The diagrams with one Higgs boson and one
sfermion in the loop lead to
δG
f˜(v,Hf˜)
123 = −
1
(4pi)2
4∑
k=3
2∑
m=1
Gf˜imk
(
h2f c
f˜
3k δmj + g
2
(
cb˜3k − ct˜3k
)
ef˜mj
)
B0
(
m2A0 , m
2
H0
k
, m2
f˜m
)
+
i
(4pi)2
√
2 I3Lf
2∑
k,m=1
Gf˜ f˜
′
imk

(h
2
↑−g2/2) cos2 β − (h2↓−g2/2) sin2 β
(h2f + h
2
f ′ − g2) sin β cos β

k
Rf˜
′
m1R
f˜
j1
+hfhf ′ δk2R
f˜ ′
m2R
f˜
j2
]
B0
(
m2A0 , m
2
H+
k
, m2
f˜ ′m
)
− i↔ j .
with h↑ = {ht, 0} and h↓ = {hb, hτ} for the decay into {squarks, sleptons}, respectively.
The Higgs–Sfermion coupling matrices cf˜kl and e
f˜
ij can be found in Appendix A.
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Figure 12: Vertex and photon emission diagrams relevant to the calculation of the virtual
electroweak corrections to the decay width A0 → f˜1 ¯˜f2.
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C Diagonal Wave–function corrections
For the diagonal wave–function renormalization constants we use the conventional on–
shell renormalization conditions which lead to
δZH33 = − ℜ Π˙H33(m2A0) , δZ f˜ii = − ℜ Π˙f˜ii(m2f˜i) , (65)
where the dot in Π˙ii(k
2) denotes the derivative with respect to k2. In the following we
list the single contributions of the wave–function corrections (Fig. 13 and 14).
C.1 Higgs part
δZH,f33 =
2
(4pi)2
∑
f
NfC
(
sf3
)2 [
B0(m
2
A0, m
2
f , m
2
f) +m
2
A0B˙0(m
2
A0 , m
2
f , m
2
f)
]
(66)
δZH,f˜33 = −
1
(4pi)2
∑
f
2∑
m,n=1
NfC G
f˜
mn3G
f˜
nm3 B˙0(m
2
A0 , m
2
f˜m
, m2
f˜n
) (67)
δZH,χ˜
0
33 =
1
(4pi)2
g2
4∑
k,l=1
(F 0kl3)
2
[
B˙0(m
2
A0 , m
2
χ˜0
k
, m2χ˜0
l
)
(
(mχ˜0
k
−mχ˜0
l
)2 −m2A0
)
−B0(m2A0 , m2χ˜0
k
, m2χ˜0
l
)
]
(68)
δZH,χ˜
+
33 =
1
(4pi)2
g2
2∑
k,l=1
[(
(F+kl3)
2 + (F+lk3)
2
)((
m2
χ˜+
k
+m2
χ˜+
l
−m2A0
)
B˙0 − B0
)
−4mχ˜+
k
mχ˜+
l
F+kl3 F
+
lk3 B˙0
]
(m2A0 , m
2
χ˜+
k
, m2
χ˜+
l
) (69)
δZH,H33 = −
1
(4pi)2
(gZ mZ
2
)2 2∑
k=1
4∑
l=3
(
Ak,l−2
)2
B˙0(m
2
A0 , m
2
H0
k
, m2H0
l
)
− 1
(4pi)2
2
(g mW
2
)2
B˙0(m
2
A0 , m
2
H+ , m
2
W+) (70)
δZH,Z33 =
1
(4pi)2
g2
Z
4
2∑
k=1
(
R1k(α−β)
)2[
B˙0(m
2
A0 , m
2
H0
k
, m2Z)
(
2m2A0+2m
2
H0
k
−m2
Z
)
+2B0(m
2
A0, m
2
H0
k
, m2Z)
]
(71)
δZH,W33 =
1
(4pi)2
2
g2
4
[
B˙0(m
2
A0 , m
2
H+ , m
2
W )
(
2m2A0+2m
2
H+−m2W
)
+2B0(m
2
A0, m
2
H+ , m
2
W )
]
(72)
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C.2 Sfermion part
δZ f˜ , χ˜ii =
1
(4pi)2
4∑
k=1
[(
(af˜ik)
2 + (bf˜ik)
2
)
·
(
(m2χ˜0
k
+m2f −m2f˜i) B˙0 −B0
)
+4mχ˜0
k
mf a
f˜
ikb
f˜
ik B˙0
]
(m2
f˜i
, m2χ˜0
k
, m2f)
+
1
(4pi)2
2∑
k=1
[(
(kf˜ik)
2 + (lf˜ik)
2
)
·
(
(m2
χ˜+
k
+m2f ′ −m2f˜i) B˙0 −B0
)
+4mχ˜+
k
mf ′ k
f˜
ikl
f˜
ik B˙0
]
(m2
f˜i
, m2χ˜+
k
, m2f ′) (73)
δZ f˜ , Hii = −
1
(4pi)2
4∑
k=1
2∑
m=1
Gf˜mik G
f˜
imk B˙0(m
2
f˜i
, m2
f˜m
, m2H0
k
)
− 1
(4pi)2
2∑
k=1
2∑
m=1
Gf˜
′f˜
mik G
f˜ f˜ ′
imk B˙0(m
2
f˜i
, m2
f˜ ′m
, m2
H+
k
) (74)
δZ f˜ , γii =
1
(4pi)2
(e0ef )
2
[
2B0 +
(
4m2
f˜i
−λ2
)
B˙0
]
(m2
f˜i
, m2
f˜i
, λ2)
δZ f˜ , Zii =
1
(4pi)2
g2
Z
2∑
m=1
(
zf˜im
)2[
2B0 +
(
2m2
f˜i
+2m2
f˜m
−m2
Z
)
B˙0
]
(m2
f˜i
, m2
f˜m
, m2
Z
) (75)
δZ f˜ ,Wii =
1
(4pi)2
g2
2
2∑
m=1
(
Rf˜i1R
f˜ ′
m1
)2[
2B0 +
(
2m2
f˜i
+2m2
f˜ ′m
−m2
W
)
B˙0
]
(m2
f˜i
, m2
f˜ ′m
, m2
W
)
(76)
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Figure 13: Diagonal Higgs self–energies
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Figure 14: Diagonal sfermion self–energies
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D Self–energies and counter terms
Here we give the explicit form of the self–energies needed for the computation of various
counter terms for the one–loop width A0 → f˜1 ¯˜f2.
D.1 AZ–mixing
The scalar–vector mixing self–energy, ΠAZ(k
2), is defined by the two–point function
k
A
0
Z
0

M =  i k


AZ
(k
2
) 


(k) :
The single contributions from the particles x are denoted by the superscript x in ΠxAZ .
ΠfAZ = −
i
(4pi)2
mZ sin 2β
∑
f
NfC I
3L
f h
2
f B0(m
2
A0, m
2
f , m
2
f) (77)
Πχ˜
0
AZ =
i
(4pi)2
2 g gZ
4∑
k,l=1
F 0kl3O
′′L
lk
[
mχ˜0
l
B0 + (mχ˜0
l
−mχ˜0
k
)B1
]
(m2A0 , m
2
χ˜0
l
, m2χ˜0
k
) (78)
Πχ˜
+
AZ =
i
(4pi)2
2 g gZ
2∑
k,l=1
[(
F+kl3O
′L
lk − F+lk3O
′R
lk
)
mχ˜+
l
(B0 +B1)
+
(
F+kl3O
′R
lk − F+lk3O
′L
lk
)
mχ˜+
k
B1
]
(m2A0 , m
2
χ˜+
l
, m2
χ˜+
k
) (79)
Πf˜AZ = −
1
(4pi)2
2 gZ
∑
f
NfC z
f˜
21G
f˜
123
(
B0 + 2B1
)
(m2A0 , m
2
f˜1
, m2
f˜2
) (80)
ΠHAZ =
i
(4pi)2
g2
Z
mZ
4
2∑
k=1
4∑
l=3
Ak,l−2Rk,l−2(β−α)
(
B0 + 2B1
)
(m2A0, m
2
H0
l
, m2H0
k
) (81)
ΠZAZ =
i
(4pi)2
g2
Z
mZ
4
sin(2α−2β)
2∑
k=1
(−1)k
(
B0 −B1
)
(m2A0 , m
2
H0
k
, m2
Z
) (82)
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Figure 15: AZ–mixing self–energies
D.2 W+ self–energies
For the calculation of the mass counter term of a gauge boson V (V = W±, Z0), δm2V =
ℜΠTV V (m2V ), we need the transverse part of the vector self–energy ΠTV V (k2) from
k
V

V

M =  i 

(k)

g


T
V V
(k
2
) + k

k


B
V V
(k
2
)




(k) :
(83)
(
δmW
mW
)ff
= − 1
(4pi)2
∑
gen.
NfC
[
h2f↑ sin
2β
A0(m
2
f↑
)
m2f↑
+ h2f↓ cos
2β B0(m
2
W
, m2f↓ , m
2
f↑
)
− g
2
m2
W
B00(m
2
W
, m2f↓ , m
2
f↑
) +
g2
2
B1(m
2
W
, m2f↓ , m
2
f↑
)
]
(84)
(
δmW
mW
)f˜ f˜
= − 1
(4pi)2
g2
m2
W
∑
gen.
NfC
2∑
m,n=1
(
R
f˜↑
m1R
f˜↓
n1
)2
B00(m
2
W
, m2
f˜↑m
, m2
f˜↓n
) (85)
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Here f↑ and f↓ denote up– and down–type (s)fermions of all three generations, respectively.
(
δmW
mW
)f˜
=
1
(4pi)2
g2
4m2
W
∑
gen.
NfC
2∑
m=1
(
Rf˜m1
)2
A0(m
2
f˜m
) (86)
(
δmW
mW
)χ˜
=
1
(4pi)2
g2
m2
W
2∑
k=1
4∑
l=1
[
2OLlkO
R
lkmχ˜+
k
mχ˜0
l
B0 −
(
(OLlk)
2 + (ORlk)
2
)
×
(
m2
W
B1 +m
2
χ˜0
l
B0 + A0(m
2
χ˜+
k
)− 2B00
)]
(m2
W
, m2χ˜0
l
, m2
χ˜+
k
) (87)
(
δmW
mW
)HH
= − 1
(4pi)2
g2
2m2
W
[
2∑
k,l=1
(
Rlk(α−β)
)2
B00(m
2
W
, m2
H+
l
, m2H0
k
)
+ B00(m
2
W
, m2H+ , m
2
A0) +B00(m
2
W
, m2G+ , m
2
G0)
]
(88)
(
δmW
mW
)H
=
1
(4pi)2
g2
8m2
W
(
4∑
k=1
A0(m
2
H0
k
) + 2
2∑
k=1
A0(m
2
H+
k
)
)
(89)
(
δmW
mW
)V S
=
1
(4pi)2
g2
2
[
2∑
k=1
(
R2k(α−β)
)2
B0(m
2
W
, m2H0
k
, m2
W
)
+ s2
W
B0(m
2
W
, m2
W
, λ2) + s2
W
t2
W
B0(m
2
W
, m2
W
, m2
Z
)
]
(90)
(
δmW
mW
)V V+V+ghost
= − 1
(4pi)2
g2
2m2
W
[
s2
W
(
8B00 + 7m
2
W
B0 + 2m
2
W
B1
)
(m2
W
, m2
W
, λ2)
+c2
W
(
8B00 + 7m
2
W
B0 + 2m
2
W
B1
)
(m2
W
, m2
W
, m2
Z
)
−s2
W
A0(λ
2)− c2
W
A0(m
2
Z
)− 3A0(m2W )
]
(91)
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Figure 16: W+ self–energies
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D.3 Z0 self–energies
Accordingly to eq. (83) the mass counter term contributions to the gauge boson Z0 are:
(
δmZ
mZ
)ff
=
1
(4pi)2
g2
Z
m2
Z
∑
f
NfC
[
2CfLC
f
Rm
2
f B0 −
(
(CfL)
2 + (CfR)
2
)
×
(
A0(m
2
f ) +m
2
f B0 − 2B00 +m2Z B1
)](
m2
Z
, m2f , m
2
f
)
(92)
(
δmZ
mZ
)f˜ f˜
= − 1
(4pi)2
2 g2
Z
m2
Z
∑
f
NfC
2∑
m,n=1
(
zf˜mn
)2
B00(m
2
Z
, m2
f˜m
, m2
f˜n
) (93)
(
δmZ
mZ
)f˜
=
1
(4pi)2
g2
Z
m2
Z
∑
f
NfC
2∑
m=1
((
CfLR
f˜
m1
)2
+
(
CfRR
f˜
m2
)2)
A0(m
2
f˜m
) (94)
(
δmZ
mZ
)χ˜0
= − 1
(4pi)2
g2
Z
m2
Z
4∑
k,l=1
(
O
′′
kl
)2[
(mχ˜0
k
+mχ˜0
l
)mχ˜0
l
B0 +m
2
Z
B1
+A0(m
2
χ˜0
k
)− 2B00
]
(m2
Z
, m2χ˜0
k
, m2χ˜0
l
) (95)
(
δmZ
mZ
)χ˜+
=
1
(4pi)2
g2
Z
m2
Z
2∑
k,l=1
[
2O
′L
kl O
′R
kl mχ˜+
k
mχ˜+
l
B0 −
(
(O
′L
kl )
2 + (O
′R
kl )
2
)
×
(
m2
Z
B1 +m
2
χ˜+
k
B0 + A0(m
2
χ˜+
k
)− 2B00
)]
(m2
Z
, m2χ˜+
k
, m2χ˜+
l
) (96)
(
δmZ
mZ
)HH
= − 1
(4pi)2
g2
Z
2m2
Z
[
2∑
k=1
4∑
l=3
(
Rk,l−2(β−α)
)2
B00(m
2
Z
, m2H0
k
, m2H0
l
)
+ cos2(2θW )
2∑
k=1
B00(m
2
Z
, m2
H+
k
, m2
H+
k
)
]
(97)
(
δmZ
mZ
)H
=
1
(4pi)2
g2
Z
8m2
Z
[
4∑
k=1
A0(m
2
H0
k
) + 2 cos2(2θW )
2∑
k=1
A0(m
2
H+
k
)
]
(98)
(
δmZ
mZ
)V S
=
1
(4pi)2
(
g2
Z
2
sin2(α−β)B0(m2Z , m2h0, m2Z) +
g2
Z
2
cos2(α−β) ×
B0(m
2
Z
, m2H0 , m
2
Z
) + g2 s4
W
B0(m
2
Z
, m2W , m
2
G+)
)
(99)
(
δmZ
mZ
)WW+W+ghost
= − 1
(4pi)2
g2c2
W
m2
Z
[
4B00 +m
2
W
B0 +
5
2
m2
Z
B0 +m
2
Z
B1
−2A0(m2W )
]
(m2
Z
, m2
W
, m2
W
) (100)
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D.4 Fermion self–energies
In our notation, the fermion self–energy is defined by
k
f f M = i u(k) (k) u(k)
with
Π(k) = 6k PLΠL(k)+ 6k PRΠR(k) + ΠSL(k)PL +ΠSR(k)PR . (101)
Thus the counter term for quarks and leptons is given by
δmf =
1
2
ℜ
[
mf
(
ΠL(mf ) + Π
R(mf)
)
+ΠSL(mf ) + Π
SR(mf )
]
. (102)
Note that for quarks and leptons (contrary to charginos), the left– and right–handed
scalar parts of Π(k) are equal, ΠSL(k) = ΠSR(k). The single contributions to δmf are as
follows:
(
δmf
mf
)fH0
k
=
1
(4pi)2
[
2∑
k=1
(sfk)
2
(
B0 −B1
)
+
4∑
k=3
(sfk)
2
(
B0 +B1
)]
(m2f , m
2
f , m
2
H0
k
)
(103)(
δmf
mf
)f ′H+
k
= − 1
(4pi)2
2∑
k=1
[
1
2
(
(yfk)
2 + (yf
′
k )
2
)
B1 − mf
′
mf
yfk y
f ′
k B0
]
(m2f , m
2
f ′ , m
2
H+
k
)
(104)(
δmf
mf
)f˜ χ˜0
= − 1
(4pi)2
2∑
m=1
4∑
k=1
[
1
2
(
(af˜mk)
2 + (bf˜mk)
2
)
B1
−mχ˜0k
mf
af˜mkb
f˜
mk B0
]
(m2f , m
2
χ˜0
k
, m2
f˜m
) (105)
(
δmf
mf
)f˜ ′χ˜+
= − 1
(4pi)2
2∑
m=1
2∑
k=1
[
1
2
(
(kf˜
′
mk)
2 + (lf˜
′
mk)
2
)
B1
−
mχ˜+
k
mf
kf˜
′
mk l
f˜ ′
mk B0
]
(m2f , m
2
χ˜+
k
, m2
f˜ ′m
) (106)
(
δmf
mf
)fγ
= − 1
(4pi)2
2(e0ef)
2
(
B0 −B1
)
(m2f , λ
2, m2f )
(
δmf
mf
)fZ0
= − 1
(4pi)2
g2
Z
[(
(CfL)
2 + (CfR)
2
)
B1 + 4C
f
LC
f
RB0
]
(m2f , m
2
f , m
2
Z
) (107)
(
δmf
mf
)f ′W+
= − 1
(4pi)2
g2
2
B1(m
2
f , m
2
f ′, m
2
W
) (108)
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Figure 18: Fermion self–energies
D.5 Chargino self–energies
Since the higgsino mass parameter µ is fixed in the chargino sector, the counter term δµ
reads [20, 21]
δµ = δX22 =
1
2
2∑
k,l=1
Uk2Vl2
(
ΠLlkmχ˜+
k
+ΠRklmχ˜+
l
+ΠSLkl +Π
SR
lk
)
(109)
with the chargino self–energies Πkl = Πkl(m
2
χ˜+
l
). U and V are two real 2×2 matrices which
diagonalize the chargino mass matrix,
U X V T = MD =
(
mχ˜+1
0
0 mχ˜+2
)
.
The single left– and right–handed parts of Πkl can be found by comparing the coefficients
accordingly to eq. (101).
fermion–sfermion contribution:
ΠL,fij (k
2) = − 1
(4pi)2
∑
f
NfC
2∑
m=1
[
k
f˜↓
mik
f˜↓
mj B1
(
k2, m2f↑ , m
2
f˜↓m
)
+ l
f˜↑
mil
f˜↑
mj B1
(
k2, m2f↓ , m
2
f˜↑m
)]
36
ΠR,fij (k
2) = − 1
(4pi)2
∑
f
NfC
2∑
m=1
[
l
f˜↓
mil
f˜↓
mj B1
(
k2, m2f↑ , m
2
f˜↓m
)
+ k
f˜↑
mik
f˜↑
mj B1
(
k2, m2f↓ , m
2
f˜↑m
)]
ΠSL,fij (k
2) =
1
(4pi)2
∑
f
NfC
2∑
m=1
[
mf↑ l
f˜↓
mik
f˜↓
mj B0
(
k2, m2f↑ , m
2
f˜↓m
)
+mf↓k
f˜↑
mil
f˜↑
mj ×
B0
(
k2, m2f↓ , m
2
f˜↑m
)]
ΠSR,fij (k
2) =
1
(4pi)2
∑
f
NfC
2∑
m=1
[
mf↑k
f˜↓
mil
f˜↓
mj B0
(
k2, m2f↑ , m
2
f˜↓m
)
+mf↓ l
f˜↑
mik
f˜↑
mj ×
B0
(
k2, m2f↓ , m
2
f˜↑m
)]
(110)
Higgs/gaugino contribution:
Π
H0
l
ij (k) = −
1
(4pi)2
g2
2∑
k=1
[
6k
4∑
l=1
(
F+iklF
+
jkl PL + F
+
kilF
+
kjl PR
)
B1
−mχ˜+
k
2∑
l=1
(
F+kilF
+
jkl PL + F
+
iklF
+
kjl PR
)
B0
+mχ˜+
k
4∑
l=3
(
F+kilF
+
jkl PL + F
+
iklF
+
kjl PR
)
B0
](
k2, m2χ˜+
k
, m2H0
l
)
(111)
Π
H+
l
ij (k) = −
1
(4pi)2
g2
4∑
k=1
2∑
l=1
[
6k
(
FRiklF
R
jkl PL + F
L
iklF
L
jkl PR
)
B1
−mχ˜0
k
(
FLiklF
R
jkl PL + F
R
iklF
L
jkl PR
)
B0
]
(k2, m2χ˜0
k
, m2
H+
l
)
(112)
Πγij(k) = −
1
(4pi)2
2e2δij
[
6k B1 + 2mχ˜+
j
B0
]
(k2, m2
χ˜+
j
, λ2) (113)
ΠZ
0
ij (k) = −
1
(4pi)2
2 g2
Z
2∑
k=1
[
6k
(
O
′L
ikO
′L
kj PL +O
′R
ikO
′R
kj PR
)
B1
+2mχ˜+
k
(
O
′R
ikO
′L
kj PL +O
′L
ikO
′R
kj PR
)
B0
]
(k2, m2
χ˜+
k
, m2
Z
)
(114)
ΠW
+
ij (k) = −
1
(4pi)2
2 g2
4∑
k=1
[
6k
(
OLkiO
L
kj PL +O
R
kiO
R
kj PR
)
B1
+2mχ˜0
k
(
ORkiO
L
kj PL + O
L
kiO
R
kj PR
)
B0
]
(k2, m2χ˜0
k
, m2
W
)
(115)
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Figure 19: Chargino self–energies
D.6 Sfermion self–energies
For the fixing of the sfermion mixing angle θf˜ we need the off–diagonal elements of the
sfermion self–energies, Πf˜ij = Π
f˜
ij(m
2
f˜j
). In the following, Y fL/R denotes the weak hyper-
charge, Y fL/R = 2(I
3L/R
f − ef ). The short forms for various products of sfermion rotation
matrices can be found in B. Additionally, we use the abbreviation R
f˜ ˆ˜fD
ijkl = R
f˜
i1R
f˜
j1R
ˆ˜f
k2R
ˆ˜f
l2.
Πf˜ , χ˜ij = −
1
(4pi)2
4∑
k=1
[(
af˜ika
f˜
jk + b
f˜
ikb
f˜
jk
)
·
(
A0(m
2
χ˜0
k
) + A0(m
2
f) + (m
2
χ˜0
k
+m2f −m2f˜j )B0
)
+
(
af˜ikb
f˜
jk + b
f˜
ika
f˜
jk
)
· 2mχ˜0
k
mfB0
]
(m2
f˜j
, m2χ˜0
k
, m2f )
− 1
(4pi)2
2∑
k=1
[(
kf˜ikk
f˜
jk + l
f˜
ikl
f˜
jk
)
·
(
A0(m
2
χ˜+
k
) + A0(m
2
f ′) + (m
2
χ˜+
k
+m2f ′ −m2f˜j )B0
)
+
(
kf˜ikl
f˜
jk + l
f˜
ikk
f˜
jk
)
· 2mχ˜+
k
mf ′B0
]
(m2
f˜j
, m2
χ˜+
k
, m2f ′) (116)
Πf˜ ,Hf˜ij =
1
(4pi)2
4∑
k=1
2∑
m=1
Gf˜mik G
f˜
jmk B0(m
2
f˜j
, m2
f˜m
, m2H0
k
)
+
1
(4pi)2
2∑
k=1
2∑
m=1
Gf˜
′f˜
mik G
f˜ f˜ ′
jmk B0(m
2
f˜j
, m2
f˜ ′m
, m2
H+
k
) (117)
Πf˜ , γf˜ij = −
1
(4pi)2
(e0ef )
2δij
[
2A0(λ
2)−A0(m2f˜i) +
(
4m2
f˜i
−λ2
)
B0(m
2
f˜i
, m2
f˜i
, λ2)
]
38
(118)
Πf˜ , Zf˜ij = −
1
(4pi)2
g2
Z
2∑
m=1
zf˜miz
f˜
jm
[
2A0(m
2
Z
)−A0(m2f˜m) +
(
2m2
f˜j
+2m2
f˜m
−m2
Z
)
×
B0(m
2
f˜j
, m2
f˜m
, m2
Z
)
]
(119)
Πf˜ ,W f˜
′
ij = −
1
(4pi)2
g2
2
Rf˜i1R
f˜
j1
2∑
m=1
(
Rf˜
′
m1
)2[
2A0(m
2
W
)−A0(m2f˜ ′m) +
(
2m2
f˜j
+2m2
f˜ ′m
−m2
W
)
×
B0(m
2
f˜j
, m2
f˜ ′m
, m2
W
)
]
(120)
Πf˜ , f˜ij =
1
(4pi)2
h2f
2∑
m=1
[
NfC
(
Rf˜jmmi+R
f˜
mijm
)
+Rf˜jimm +R
f˜
mmji
]
A0(m
2
f˜m
)
+
1
(4pi)2
g2
Z
2∑
m=1
{[(1
4
− (2I3Lf −ef )efs2W
)
Rf˜Ljimm + e
2
fs
2
W
Rf˜Rjimm
]
(NfC + 1)
+(I3Lf −ef)efs2W
[
NfC
(
Rf˜jimm+R
f˜
mmji
)
+Rf˜jmmi+R
f˜
mijm
]}
A0(m
2
f˜m
)
(121)
Πf˜ , f˜
′
ij =
1
(4pi)2
2∑
m=1
(
h2f R
f˜ ′f˜D
mmji + h
2
f ′ R
f˜ f˜ ′
D
jimm
)
A0(m
2
f˜ ′m
)
+
1
(4pi)2
g2
4
2∑
m=1
{
NfC
[(
t2
W
Y fL Y
f ′
L −1
)
R
f˜ f˜ ′
L
jimm + t
2
W
Y fRY
f ′
R R
f˜ f˜ ′
R
jimm
−Y fL Y f
′
R R
f˜ f˜ ′
D
jimm − Y f
′
L Y
f
RR
f˜ ′f˜D
mmji
]
+ 2R
f˜ f˜ ′
L
jimm
}
A0(m
2
f˜ ′m
) (122)
Πf˜ ,
ˆ˜
f
ij =
1
(4pi)2
N fˆC
2∑
m=1
[
hfhfˆ
(
R
f˜ ˆ˜fF
ijmm +R
f˜ ˆ˜fF
jimm
)
+
g2
4
R
f˜ ˆ˜fL
jimm
]
A0(m
2
ˆ˜
fm
)
+
1
(4pi)2
N fˆC
g′2
4
2∑
m=1
[
Y fL Y
fˆ
LR
f˜
ˆ˜
fL
jimm − Y fL Y fˆR Rf˜
ˆ˜
fD
jimm − Y fˆL Y fR R
ˆ˜
ff˜D
mmji
+ Y fRY
fˆ
RR
f˜ ˆ˜fR
jimm
]
A0(m
2
ˆ˜fm
) (123)
Πf˜ ,
ˆ˜f ′
ij = −
1
(4pi)2
N fˆC
g2
4
2∑
m=1
R
f˜ ˆ˜f ′
L
jimmA0(m
2
ˆ˜f ′m
)
+
1
(4pi)2
N fˆC
g′2
4
2∑
m=1
[
Y fL Y
fˆ ′
L R
f˜
ˆ˜
f ′
L
jimm − Y fL Y fˆ
′
R R
f˜
ˆ˜
f ′
D
jimm − Y fˆ
′
L Y
f
R R
ˆ˜
f ′f˜D
mmji
+ Y fRY
fˆ ′
R R
f˜
ˆ˜
f ′
R
jimm
]
A0(m
2
ˆ˜
f ′m
) (124)
39
The contributions from first and second generation sfermions, F˜m, are given by
Πf˜ , F˜ij = Π
f˜ , ˆ˜f
ij (fˆ → F ) , Πf˜ ,
ˆ˜F
ij = Π
f˜ , ˆ˜f
ij (fˆ → Fˆ ) ,
Πf˜ , F˜
′
ij = Π
f˜ , ˆ˜f ′
ij (fˆ
′ → F ′) , Πf˜ , ˆ˜F ′ij = Πf˜ ,
ˆ˜f ′
ij (fˆ
′ → Fˆ ′) ,
(125)
where the sub–/superscript F˜ denotes values belonging to first and second generation
scalar fermions with same isospin as f˜ (e. g. F˜1 = {u˜1, c˜1} for the stop case, . . . ), F˜ ′
sfermions with different isospin etc.
Πf˜ , Hij =
1
(4pi)2
1
2
4∑
k=1
[
h2f c
f˜
kk δij + g
2 ef˜ij
(
cb˜kk − ct˜kk
)]
A0(m
2
H0
k
)
+
1
(4pi)2
2∑
k=1
[
h2f ′ d
f˜ ′
kkR
f˜
i1R
f˜
j1 + h
2
f d
f˜
kk R
f˜
i2R
f˜
j2 + g
2 f f˜ij
(
db˜kk − dt˜kk
)]
A0(m
2
H+
k
)
(126)
Πf˜ , Vij =
1
(4pi)2
4 (e0ef )
2δijA0(λ
2) +
1
(4pi)2
2 g2Rf˜i1R
f˜
j1A0(m
2
W
)
+
1
(4pi)2
4 g2
Z
[(
CfL
)2
Rf˜i1R
f˜
j1 +
(
CfR
)2
Rf˜i2R
f˜
j2
]
A0(m
2
Z
) (127)
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Figure 20: Off–diagonal Sfermion self–energies
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